ABSTRACT The prevalence of asthma, hay fever, and eczema was examined in first degree relatives of extrinsic (atopic) and intrinsic (non-atopic) asthmatics attending the asthma clinics of the Brompton Hospital and the Doncaster Royal Infirmary.
Asthma may be defined as partial obstruction of airways that is reversible either in time or with treatment. Two broad forms of the disease are recognised. Extrinsic asthma, in which individuals are atopic, generally has an early age of onset (under 20 years) and boys are more often affected than girls (Williams and McNicol, 1969; Gregg, 1977) . Intrinsic asthma, in which individuals are non-atopic, generally has a late age of onset (over 30 years) and the sex-ratio is even, or biased in favour of women (Gregg, 1977; Molina et al, 1977) .
There is much evidence that asthma is partially hereditary in nature. Family studies have shown that the prevalence of asthma among relatives of asthmatic patients is significantly higher than it is among relatives of non-asthmatic patients (Leigh and Marley, 1967; Charpin and Arnaud, 1971; Gregg, 1977) and the risk of having an asthmatic child is significantly greater when one or both parents are asthmatic than when neither parent is affected (Charpin and Arnaud, 1971; Higgins and Keller, 1975) . In addition, familial clustering in measures of forced expiratory volume in one second (Higgins and Keller, 1975) and in peak expiratory flow rate (Leeder et al, 1976) have been reported, while twin studies have shown that the concordance rate is significantly higher in monozygotic than in dizygotic twins (Edfors-Lubs, 1971) .
Although genetic studies on asthma have provided strong evidence for a hereditary component, the mode of inheritance has yet to be determined. The (Mulholland and Jones, 1968) . The P-values for one degree of freedom have been given except where otherwise indicated.
Results
In most respects the Brompton and Doncaster populations were similar (table 1). There were no measurable differences between Brompton and Doncaster extrinsic probands or between Brompton and Doncaster intrinsic probands. In addition, the prevalences of asthma, hay fever, and eczema among the first degree relatives of intrinsic asthmatics did not differ between the two populations. The prevalences of these traits, however were higher among relatives of Brompton extrinsic asthmatics than among relatives of Doncaster extrinsic asthmatics.
The data were analysed separately in the (table 6 ). The prevalence of asthma, however, tended to be higher when one parent was asthmatic than when neither parent was affected.
The overall prevalence of asthma among first degree relations of intrinsic probands was significantly lower than that among relatives of extrinsic probands (P<0*001). Similarly, the prevalence of hay fever/eczema was lower among relatives of extrinsic asthmatics (P<0001).
INTERMEDIATE FORMS OF ASTHMA
A small number of asthmatic patients who did not fulfil the criteria for polar extrinsic or intrinsic asthma were selected for comparison with the polar groups from the same population. Of the 787 patients attending the Brompton clinic, 22 (2.8%) were non-polar intrinsic and 271 (34 4%) were intermediate type. From the latter group 14 randomly selected patients were included in the present study. The prevalence of asthma among relatives of non-polar intrinsic asthmatics was 7/96 (7T3%) and that of the intermediate type asthmatics was 10/81 (12-3%). The prevalence of hay fever or eczema or both was 13/95 (13-5%) in the former group and 6/81 (7.4%) in the latter.
The prevalence of asthma and hay fever/eczema among the first degree relatives of the four groups (for instance, polar intrinsic and extrinsic, nonpolar intrinsics, and intermediate type) is shown (see figure) . When the groups of probands are ranked in order of increasing atopy, as assessed by skin test sensitivity, the prevalence of asthma among relatives increases linearly. Between any two adjacent groups of probands, the prevalence of asthma is not significantly different. Between The prevalence of hay fever/eczema among first degree relatives was also positively correlated with the degree of atopy in the probands (Spearman rank correlation coefficient of 0O8).
Discussion
The Doncaster and Brompton populations were remarkably similar, the sole difference being the relatively higher prevalence of asthma, eczema, and hay fever among relatives of Brompton extrinsic asthmatics than among relatives of Doncaster extrinsic asthmatics. Although the cause of this difference cannot be elucidated in this study, this may reflect a difference in the degree of atopy or the severity or both of the asthma in probands. If Brompton probands were more atopic or more severely affected, their increased predisposition to asthma, eczema, and hay fever might be associated with a higher prevalence of these traits among first degree relatives.
Among extrinsic and intrinsic probands there was no distortion in the sex-ratio and little differenCe between the sexes in the prevalence of hay fever/eczema. The excess of male extrinsic asthmatics often found in other studies was not observed here. This discrepancy may reflect a bias in ascertainment or may have arisen by chance. In the present study the absence of sexual differences suggests that these traits are neither sexlinked nor sex-influenced.
The increased prevalence of asthma among siblings of probands with one or both parents affected supports the hypothesis that this trait is hereditary. At least part of this familial association, however, may have resulted from a common family environment, which would also tend to increase this prevalence. Similarly the increased prevalence of hay fever/eczema among siblings of probands with one or both parents affected, supports, but does not prove, the concept that atopic manifestations are partly hereditary.
The prevalence of asthma is significantly higher among relatives of extrinsic asthmatics than among relatives of intrinsic asthmatics. Although this difference may result from dissimilarities in the family environments, such that relatives of extrinsic asthmatics are exposed to more environmental provoking factors, it seems more reasonable to suggest that this difference is genetic. If this is true then extrinsic asthmatics have a Bonnie Sibbald and Margaret Turner-Warwick stronger genetic predisposition to asthma than do intrinsic asthmatics.
It is important to note that this clear separation of the extrinsic and intrinsic populations results from the deliberate selection of highly atopic and clearly non-atopic probands. In practice, most asthmatic patients fall between these two extreme forms of asthma, thus forming a continuous spectrum.
A comparison of the intermediate type of asthma to the two polar forms shows a positive correlation between the prevalence of asthma among first degree relatives and the degree of atopy in the probands (see figure) . If we assume that the prevalence of hay fever and eczema provides an estimate of the frequency of atopy, then the prevalence of asthma among relatives is also correlated with the degree of atopy in these same relatives. In addition, the prevalence of asthma and hay fever/eczema is low among relatives of intrinsic asthmatics and high among relatives of extrinsic asthmatics. This strong association between atopy and asthma indicates that atopy may enhance a genetic predisposition to asthma.
The above findings together with the results of previous investigations suggest that the expression of asthma is dependent on (a) genetic factor(s) that predispose individuals to asthma and (b) environmental factor(s) that precipitate asthma in genetically predisposed individuals. Pure environmental or genetic hypotheses may be ruled out since twin and family studies have shown that there is both an environmental and a genetic component to asthma (see introduction for summary).
The particular mode of inheritance of the genetic factor(s) cannot be determined in the present study. The gradual increase in the number of affected siblings with increases in the number of asthmatic parents, however, suggests that asthma may be polygenic. In addition, the excess of affected parents and the slight deficit of affected siblings indicates that one or more of the contributing genes may be recessively inherited.
The results of the present study further suggest that atopy and its manifestations (for instance, hay fever/eczema) may enhance the predisposition to asthma in genetically predisposed individuals. Since atopy is, itself, partly hereditary (Pepys, 1973) relatives of extrinsic asthmatics would then inherit a predisposition to asthma as well as an increased likelihood of its being expressed. Hence the prevalence of both asthma and atopic manifestations, such as hay fever and eczema, would be higher among relatives of extrinsic than among relatives of intrinsic asthmatics.
In addition, atopy may lower the age of onset of asthma thus giving rise to the characteristically early age of onset in extrinsic asthma. This latter hypothesis is supported by Pepys (1973) , who observed a significant negative correlation between age of onset and the degree of atopy in the patient.
We have proceeded to evaluate the hypotheses described above in a population of asthmatic and normal children attending a large general practice. The findings support the conclusions of the present study and will be discussed in detail in a later publication. 
